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0 The present invention relates to a bi-metallic 
clamping system for holding a heater firmly on the 
external surface of a hot runner nozzle body. The 
band heater-clamp arrangement of the present in- 
vention Is fomned by a cylindrical sheath (42, 44) 
which houses the heater coll (36). The sheath has an 
Inner sleeve (42) formed from a material having a 
relatively high thermal expansion and an outer 
sleeve (44) formed from a materia! having a rela- 
tively low thermal expansion. The heater coll (36) is 
positioned between the two sleeves. The desired 
clamping effect is produced by providing at least 
one axial slot (54) in the inner sleeve. It has been 
found that during heating, the outer sleeve (44) ex- 
pands less than the inner sleeve (42) due to the 
differences in the thermal expansion coefficients of 
the materials used to form the sleeves. This pro- 
duces radial forces in the inner sleeve that are 
redirected into circumferential forces by the axial 
slot. These circumferential forces in turn cause the 
slot to close and thereby achieve the desired clamp- 
ing effect. The band heater-clamp arrangement of 
the present invention has utility in injection molding 
machines having hot runner systems for providing 
liquified plastic material from a source to an injection 
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BACKGROUND OF THE INVENTION 

The present Invention relates to an Injection- 
molding machine of the hot runner type and, more 
particularly, to a bimetallic clamp arrangement for 
securing a heater element in a desired position 
around a nozzle body for feeding liquified materials 
such as plastic, metal, etc. to an Injection gate of a 
mold cavity. 

To maintain the fluidity of the oncoming plastic 
material during closure of the injection gate, en- 
abling its use in a following molding cycle, it is 
desirable to form a terminal part of the sprue 
channel as an axial bore of a nozzle of good 
thermal conductivity closely surrounded by an 
electrical heating element. Some nozzle manufac- 
turers go through costly processes to integrate 
heaters into the nozzle body. The primary dis- 
advantage with this approach however is that 
should the heater get damaged the nozzle is lost 
as well. Thus, it is preferred that the heating ele- 
ment be removably mounted onto the nozzle body 
for ready replacement. One of the primary chal- 
lenges associated with this technique is holding the 
heating element firmly against the external surface 
of the hot runner nozzle housing so as to maximize 
heater perfomnance and provide precise tempera- 
ture control. 

A variety of different approaches have been 
used to clamp heating elements to a nozzle body. 
One approach includes a clamping arrangement 
that mechanically presses the heater onto the noz- 
zle body. An example of one such mechanical 
clamping arrangement is illustrated in U.S. Patent 
No. 4,268, 241 to Bees et al. As shown therein, an 
annular heater Is held in position against a shoulder 
or tapering surface portion of the nozzle body by a 
nut threaded onto a gate-side extremity of the 
nozzle body. 

Still other mechanical press type approaches 
include the heater band constructions shown on 
page 24 of the Husky Hot Runner Manual pub- 
lished by Husky Injection Molding Systems, Ltd. 
and in an advertisement for an axial clamp band 
heater published in the June 1992 edition of Mod- 
ern Plastics , page 136. The axial clamp band heat- 
er shown in the advertisement differs from the 
more traditional heater band construction shown in 
the manual in that the clamping screw Is aligned 
with the longitudinal axis of the heater and is not 
perpendicular to it as in the conventional construc- 
tion. The axial clamp band heater has the advan- 
tage over the conventional construction of taking up 
less space since a large clearance is not needed 
for access to the screw. 

The principal disadvantages of these mechani- 
cal press type approaches have been the cum- 
bersome nature of the clamp assembly and the 



need to machine a pocket for the clamp screw. Still 
another disadvantage seen with these approaches 
is the uneven axial temperature distribution of the 
heaters. Typically, the heater coil has no profiled 

5 wattage. The heat demand of the hot runner nozzle 
is at the tip and the locator is different as it is at 
the center of the shaft. To achieve isothermal con- 
ditions and to improve the nozzle temperature pro- 
tile, heat should be generated only where it is 

10 needed. 

Still another approach for securing a heater to 
a nozzle body is exemplified by the D-M-E Gate- 
Mate Hot Sprue Bushing. This approach uses an 
external heater wrapped around the nozzle housing 

75 without any apparent clamping means. It Is be- 
lieved that this device stays in place by friction. By 
manually uncoiling the heater when it is slid over 
the housing, its Internal diameter increases suffi- 
cientiy to allow it to slide on. When released the 

20 coiling action of the heater causes a gripping of the 
housing or nozzle body. The primary disadvan- 
tages to tills approach are that the heater is easily 
damaged and the absence of a firm grip which 
allows the heater to move or slip. 

25 Accordingly, it is an object of the present in- 
vention to provide an improved band heater-clamp 
arrangement for securing an external heater to a 
nozzle body. It is a further object of the present 
invention to provide a band heater-clamp arrange- 

30 ment as above which has a compact design and a 
simple construction. 

It is still a further object of the present inven- 
tion to provide a band heater-clamp arrangement 
as above that is easy to install and to maintain. 

35 It is yet a further object of the present invention 
to provide a band heater-clamp arrangement as 
above which has improved reliability and provides 
an improved heat profile. 

Still other objects and advantages to the band 

40 heater-clamp arrangement of the present invention 
will become more apparent from the following de- 
scription and drawings wherein like reference nu- 
merals depict like elements. 

45 SUMMARY OF THE INVENTION 

The foregoing objects are attained by the im- 
proved band heater-clamp arrangement of the 
present invention. In accordance with the present 

50 invention, the improved heater-clamp arrangement 
of the present invention comprises a bi-metallic 
clamping system for holding a heater firmly against 
an external surface of a hot runner nozzle housing 
or body. The bi-metallic clamping system is 

55 formed by a cylindrical, coaxial tube heater sheath 
having a cylindrical inner sleeve, a cylindrical outer 
sleeve, and a heater coil positioned between a 
surface of the inner sleeve and an inner surface of 
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the outer sleeve. The inner and outer sleeves are 
preferably formed from materials having different 
coefficients of thermal expansion with the material 
forming the inner sleeve having a higher thermal 
expansion than the material forming the outer 
sleeve. The inner sleeve also has an axial slot 
which extends substantially its entire length. 

When heated by the heater coil, the inner 
sleeve expands more than the outer sleeve. As a 
result, radial forces will t>e generated in the inner 
sleeve. The axial slot redirects these radial forces 
into circumferential forces that provide the desired 
clamping effect. This occurs because the less ex- 
panding outer sleeve hinders the more expanding 
inner sleeve from growing in diameter and forces 
the axial slot in the inner sleeve to close as the 
temperature rises. When the temperature reaches 
equilibrium, the heater generates its own solid grip 
onto the nozzle body. When the heat supply is cut 
off, the heat expansion retracts and the heater 
sleeve relaxes allowing it to be removed from the 
nozzle body. 

In an injection molding machine, the heater 
sleeve of the present invention is placed around a 
portion of the nozzle body defining a part of the 
channel for conveying liquified plastic material from 
a source to an injection gate of a mold plate. 

Other details and advantages to the present 
invention will be discussed In the following descrip- 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a cross sectional view of the nozzle 
portion of an injection molding machine having a 
hot-runner structure: 

Figure 2 is a cross sectional view of the band 
heater-clamp arrangement of the present inven- 
tion; and 

Figure 3 is a cross sectional view of the band 
heater-clamp arrangement of the present Inven- 
tion taken along lines 3-3. 

DETAILED DESCRIPTION 

Referring now to the figures, Figure 1 illustrates 
part of a hot runner structure 10 serving to supply 
liquified thermoplastic resin from a pressure cham- 
ber (not shown) via a channel 12 to an injection 
gate 14 of a mold plate 16. The gate 14 is al- 
ternately opened and closed by a rod or pin 18 
connected to a double-acting piston (not shown). 
The piston for operating the rod or pin does not 
form part of the present invention and may be any 
suitable piston known in the art for actuating such a 
valve rod. 

A cooled Intermediate or backing plate 20 is 
inserted between the mold plate 16 and the hot 



runner structure 10. The backing plate 20 supports 
a nozzle 22 provided with an annular skirt 24 
surrounding a tubular nozzle body 26. The nozzle 
22 including the skirt portion 24 and the nozzle 

5 body portion 26 is formed from a material having 
good thermal conductivity. The tubular nozzle body 
26 forms part of the hot runner system for sup- 
plying liquified plastic material to the injection gate 
14. A nozzle tip 28 formed from a highly heat- 

10 conductive material, such as beryllium/copper, is 
seated in the nozzle body 26 and extends into the 
mold plate 16 as a guide for the free end of the 
valve rod 18. An annular space existing between 
the end of the nozzle body 26, the tip 28 and the 

75 mold plate 16 is occupied by a sheath 30 of 
resinous material. This sheath may be prefabri- 
cated or may be formed from the overflow of 
Injected resin in the first operating cycle or cycles. 
The sheath 30 serves primarily as a thermal insula- 

20 tor. 

As shown in Figure 1 , the tubular body 26 has 
an axial channel 32 which forms part of the channel 
12 through which plastic material is conveyed from 
the source (not shown) to the gate 14. The tip 28 
25 also has a channel 34 that forms part of the chan- 
nel 12 for conveying the plastic material to the gate 
14. 

When the gate 14 is closed by the rod 18. 
plastic material will reside in the channels 32 and 

30 34. To keep this plastic material in a liquified state, 
a heater 36 is provided around a portion of the 
nozzle body 26. The heater 36 is positioned within 
a space 37 defined by the skirt 24. the backing 
plate 20 and the nozzle body 26 and is in contact 

35 with the outer surface 38 of the nozzle body 26. An 
electrical cable 39 passes through a passageway in 
the backing plate and is connected to the heater 36 
so that electrical power may be provided thereto. 
Figures 2 and 3 illustrate a band heater-clamp 

40 arrangement 40 in accordance with the present 
invention which may be used as the heater 36. The 
band heater-clamp arrangement 40 as shown 
therein is a bi-metallic clamping system for holding 
a heater coil firmly on an external surface of the 

45 hot runner nozzle body 26. The bi-metallic clamp- 
ing system is formed by a cylindrical body or 
heater sheath comprising a coaxial tube assembly 
with a cylindrical inner sleeve 42 fonmed from a 
high conductivity material, typically aluminum, a 

60 cylindrical outer sleeve 44 formed from a low con- 
ductivity material, typically titanium, and a heater 
coll 46 positioned between the two sleeves. The 
sleeves 42 and 44 are coextensive with each other. 
Preferably, the heater coil 46 is positioned in one 

55 or more spaces 48 machined into the outer periph- 
ery of the inner sleeve 42 so that it is between an 
inner surface 50 of the outer sleeve and surface(s) 
52 of the inner sleeve. An opening (not shown) is 
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provided in the outer sleeve 44 so an electrical 
connection between the cable 39 and the coil 46 
can be made. 

The inner sleeve 42 is formed from a material 
having a relatively high thermal expansion. Prefer- 
ably, the Inner sleeve 42 is formed from a material 
selected from the group consisting of copper, cop- 
per alloys, aluminum, and aluminum alloys. 

The outer sleeve 44, on the other hand, is 
formed from a material having a relatively low 
thermal expansion. Preferably, it is formed from a 
material selected from the group consisting of 
titanium, titanium alloys, stainless steels, and iron 
alloys. 

As can be seen from the figures, the inner 
sleeve 42 In its relaxed state has a central bore 56 
with a diameter substantially equal to the outer 
diameter of the tubular nozzle body 26. When 
heated, the inner sleeve 42 will expand more than 
the outer sleeve 44 due to the difference in thermal 
expansion properties. Radial forces will be gen- 
erated in the inner sleeve as the less expanding 
outer sleeve hinders the more expanding inner 
sleeve from growing in diameter. 

An axial slot 54 Is provided in the Inner sleeve 
to redirect these radial forces into circumferential 
forces that cause the inner sleeve to reduce its 
internal diameter and to grip or clamp the body 26 
which it surrounds. Since the outer sleeve hinders 
expansion of the inner sleeve, the circumferential 
forces 58 will force the slot 54 to close as the 
temperature rises and cause the desired clamping 
effect. In the clamping position, the inner sleeve 42 
will be in direct contact with the external surface 38 
of the nozzle body 26. 

As can be seen from Figures 2 and 3, the axial 
slot 54 preferably extends in a direction substan- 
tially parallel to the longitudinal axis A - A of sleeve 
42 and for an extent which Is substantially equal to 
the length of the sleeve 42. The slot 54 also 
preferably has a thickness substantially equal to 
the thickness of the sleeve 42. The width of the slot 
54 depends upon the diameter of the heater coil 
46. Typically, the slot 54 Is from about 1 to at)Out 2 
mm wide. 

When the temperature reaches equilibrium, the 
heater generates its own solid grip onto the nozzle 
body 26 as a result of the aforementioned differ- 
ences In the thermal expansion properties. 

When the heat supply Is cut off, the heat 
expansion is reversed and the clamping effect is 
reduced as the slot 56 opens up. When relaxed, 
the band heater-clamp arrangement 40 may be 
removed from the nozzle body 26. A spring washer 
70 is preferably provided to prevent the heater- 
clamp arrangement from sliding off the nozzle 
body 26 when cold. 



The construction of the inner sleeve Is advanta- 
geous In that it permits a profiled wattage to be 
generated. This is accomplished by varying the 
pitch between the heater coils positioned within the 
5 spaces 48. The profiled wattage effect is heigh- 
tened by the design of the present Invention be- 
cause the inner sleeve also has a relatively high 
thermal conductivity and carries the profiled heater 
coil. 

10 The inner sleeve design is also advantageous 
in that it allows heat generated by the heater coil to 
be transferred in an axial direction. This means, for 
long nozzle bodies, that one long heater can re- 
place several short heaters. Alternatively for very 

75 long heaters several heater colls (multiple circuits) 
could be housed Inside one clamp assembly. 

If desired, a thermocouple (not shown) could 
be incorporated Into the heater assembly. 

The design of the heater-clamp arrangement of 

20 the present Invention Is advantageous in that It is 
compact. The heater-clamp arrangement is made 
of relatively simple components which are easy to 
maintain and which should provide excellent dura- 
bility and corrosion resistance. Still further, the 

26 heater-clamp arrangement is easy to install. The 
heater-clamp arrangement of the present invention 
avoids the use of mechanical clamp devices to 
achieve the desired clamping effect. It Is believed 
that the performance of the heater-clamp arrange- 
so ment is better than other heater systems because 
there Is excellent contact between the heater 
sleeve with the heater coil and the nozzle body 
which it surrounds. If desired, the inner surface of 
the outer shield could be polished to reflect more 

35 heat inwardly. Since this heater has a very low 
mass and a very fast thermal response It can heat 
up or cool down very quickly when compared to 
the cast coppeir style of internal coll heaters which 
are very slow to cool down. Thus, control is more 

40 responsive and accurate and there is less risk of 
overheating and degrading the resin. 

While the Inner sleeve of the heater-clamp 
arrangement has been shown with a single axial 
slot, It should be recognized that It may have more 

45 than one axial slot if desired. In such a case, the 
slot(s) do not have to extend the entire length of 
the sleeve. 

Claims 

50 

1. An injection molding machine Including a hot- 
runner structure (10) having a channel (12) for 
conveying liquified plastic material to an injec- 
tion gate (14) of a mold plate (16), said mold- 
55 Ing machine comprising: 

a tubular nozzle body (26) formed from an 
material having a good thermal conductivity 
forming a part of said channel (12) and a 
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heater (36) for maintaining plastic material 
within said channel part formed by said tubular 
nozzle body (26) in a liquified state; 
said heater (36) comprising a heater sheath 
(42. 44) and a heater coil (46) located within a 
space (48) formed in said heater sheath; and 
said heater sheath (42, 44) comprising a co- 
axial tube assembly (42, 44) having a bimetal- 
lic construction. 

2. The injection molding machine of claim 1 
wherein said heater sheath has an inner sleeve 
(42) formed from a material having a relatively 
high thermal expansion and an outer sleeve 
(44) fonmed from a material having a relatively 
tow thermal expansion. 

3. The injection molding machine of claim 2 
wherein said inner sleeve (42) Is formed from a 
metal selected from the group consisting of 
copper, copper alloys, aluminum and alumi- 
num alloys and said outer sleeve (44) is 
formed from a metal selected from the group 
consisting of titanium, titanium alloys, iron al- 
loys, stainless steels. 

4. The injection molding machine of claim 2 or 3 
wherein: 

said inner sleeve (42) expands more than said 
outer sleeve (44) when heated; and 
said inner sleeve is in contact with an outer 
surface (38) of said tubular body. 

5. The injection molding machine of one of 
claims 2-4 wherein said inner sleeve (42) has 
a longitudinal axis (A) and at least one axial 
slot (54) which extends substantially parallel to 
said longitudinal axis (A), said at least one axial 
slot (54) redirecting radial forces generated by 
said inner sleeve (42) into circumferential force 
(58) so as to obtain clamping of said heater 
sheath (42, 44) to said tubular nozzle body 
(26). 

6. The injection molding machine of at least one 
of claims 2 - 5 wherein: 

said inner sleeve has at least one space (48) 
machined in its outer periphery for accom- 
modating said heater coil (46); and 
said heater coil (46) and said inner sleeve (42) 
provide a profiled wattage. 

7. The injection molding machine of at least one 
of claims 2 - 6 wherein said outer sleeve (44) 
has a reflective inner surface (50) to reflect 
more heat inwardly. 



8. An improved heater-clamp arrangement (40) 
for use in a injection molding machine, said 
heater-clamp arrangement (40) comprising: 

a cylindrical body (42, 44) having a cylindrical 
5 inner sleeve (42) and a cylindrical outer sleeve 

(44); 

said inner sleeve (42) being formed from a 
material having a relatively high thermal expan- 
sion; 

10 said outer sleeve (44) being formed from a 
material having a relatively low thermal expan- 
sion; and 

a heater coil (46) positioned between a first 
surface (52) of said inner sleeve (42) and an 
15 inner surface of said outer sleeve (44). 

9. The heater-clamp arrangement of claim 8 
wherein: 

said heater coil (46) is positioned within at 
20 least one space (48) machined into said inner 

sleeve (42); 

said inner sleeve (42) has an axial slot (54) 
which extends along the length of the inner 
sleeve (42), said axial slot (54) redirecting ra- 
25 dial forces generated in said inner sleeve (42) 
during heating Into circumferential clamping 
forces (58) for enabling clamping of said heat- 
er-clamp arrangement (40) to another body 
(26); and 

30 said inner sleeve (42) has a bore (56) with a 
diameter substantially equal to an external di- 
ameter of a body (26) about which said heater- 
clamp arrangement (40) is to be positioned. 

36 10. An improved heater-clamping arrangement 
comprising: 

a cylindrical heater sheath (42, 44); 

a heating coil (46) positioned within said 

sheath; 

40 said heater sheath being formed by a cylin- 
drical inner sleeve (42) and a cylindrical outer 
sleeve (44); and 

said cylindrical inner sleeve (42) having an 
axially extending slot (54) which redirects ra- 
45 dial forces generated In said Inner sleeve (42) 

during heating into circumferential clamping 
forces (58). 

11. The improved heater-clamp arrangement of 
50 claim 10 wherein: 

said inner and outer sleeves (42, 44) are sub- 
stantially coextensive; 

said sleeves (42, 44) are formed from materials 
with different thermal expansion coefficients; 
55 and 

said material forming said inner sleeve (42) 
has a thermal expansion coefficient greater 
than that of said material forming said outer 
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sleeve (44). 
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